Recent studies of ceramics of formula Ba 2 LnFeNb 4 O 15 (Ln = rare earth) with the "tetragonal tungsten bronze" (TTB) structure have correlated their room temperature multiferroics properties to the occurrence of barium ferrite parasitic phases. This work presents the elaboration of Ba 2 LaFeNb 4 O 15 and Ba 2 EuFeNb 4 O 15 composite samples with an excess of hematite in the TTB nominal composition. The influence of crystal-chemistry on the phase content and properties of Ba 2 LnFeNb 4 O 15 TTB composites is discussed. A particular focus on the mechanisms related to the in-situ formation of barium ferrite is given. We show that we can control the spurious ferrite phase in TTB multiferroic composites and thus modulate their magnetic response.
Introduction
Multiferroics are materials which exhibit two or more switchable states simultaneously such as polarization, magnetization or strain. The majority of magnetic oxides crystallize with a centrosymmetric space group, which excludes any ferroelectric properties. Also, most of ferroelectric materials do not contain paramagnetic ions. That is why single phase multiferroics that exhibit both ferroelectricity and magnetic order are rare, and usually display only weak magnetoelectric coupling, taking place at low temperature [1, 2, 3] . Recently, new approaches were proposed for the design and the application of new generation storage devices, sensors, actuators, using multiferroics materials [4, 5, 6] . However, the main drawback is that the operating temperatures of the proposed systems are still far below room temperature. More suitable materials are thus needed, and we report in this paper our progress in the elaboration of "TTB" composite multiferroics Tetragonal tungsten bronze (TTB) niobates (the projection of the structure in a plane perpendicular to the z-axis is given on Fig.1 ) form an important family of dielectric materials, which exhibit piezoelectric, pyroelectric, ferroelectric and non-linear optic properties. The TTB framework consists of corner-sharing distorted (Nb)O 6 octahedra that define open channels in which are located 9-,12-and 15-coordinated cationic sites. These triangular, square and pentagonal-shaped channels can host several kinds of cations with related variations in physical properties, like non-linear optics, existence of a polar state (…). With the introduction of rare earth in square channels and Fe 3+ in the octahedral framework both spontaneous polarization and magnetization were expected at room temperature as proposed by Roth [7] and Krainik [8] .
We recently have shown that a barium ferrite parasitic phase was responsible for RT magnetic hysteresis [9] . A relationship between the chemical stability of samples. Iron oxide (referred to as hematite in the following) excess was added to the stoichiometric mixture of reacting products. These mixtures were ball-milled in absolute ethanol in a planetary grinder. The dried slurries were calcined in a tubular furnace, and the green pellets were sintered at 1340°C in an oxygen-rich atmosphere. The resulting ceramics exhibited densities ranging from 91% to 95 % of the nominal density of the products.
X-ray diffraction data were recorded on a PANalytical X'Pert diffractometer (CuK  ,  = 1.5418 Å) with 25 < 2 < 40° and a 400s step of 0.01° for all the composites pellets.
X-Ray microprobe analyses were performed on a Cameca SX100 apparatus (Operating voltage: 20 kV).
Dielectric measurements were performed on a Wayne-Kerr 6425 component analyser under dry helium, using gold electrodes, at frequencies ranging from 10 2 to 2.10 5 Hz.
Magnetic hysteresis loops were obtained on a SQUID magnetometer (MPMS, Quantum Design Inc.). hal-00381988, version 1 -6 May 2009
Results

X-Ray diffraction patterns
The diffraction patterns of all composites pellets show that the "pseudo-tetragonal" orthorhombic cell (Pba2 S.G. n°32) previously observed [9] is maintained. For lanthanum composites, the Bragg diffraction peaks related to the fergusonite LaNbO 4 are identified, despite their relative low intensities. A very small broadened contribution is also detected around 34.5° 2 for BLFN+5 which is attributed to the barium ferrite phase. For europium composites, the relative intensities of Bragg peaks of both parasitic phases increase with the excess of hematite.
XR microprobe analyses
XR microprobe analyses show that the BLFN sample is perfectly single-phased. Nevertheless the values of coercive field are decreasing with the respect to the hematite excess in the europium series. Since the TTB matrix is able to fully accommodate La 3+ ions, while the accommodation of Eu 3+ ions is incomplete, the evolution of the coercive field in BELFN composites may be related to Eu doping of the barium ferrite.
Dielectric measurements
BLFN exhibit no dielectric transition down to 80K and BEFN is a ferroelectric with a
Curie temperature of 440K. For BLFN+1 sample, the dielectric properties are unchanged and the dielectric losses remain very low until 420K. The value of the real part of the dielectric constant is decreasing with the increase of the temperature. For BLFN+2 and BLFN+5, the dielectric losses are very high from 240K: a conductivity regime is established and deteriorates the evaluation of the real part of the dielectric constant. In the BLFN+5 sample, a relaxation is observed around 150K, which is not explained yet. For the three europium composites, the ferroelectric transition is maintained and also occurs at 440K. The dielectric 
Discussion
The XRD, X-Ray microprobe and dielectric studies show that the TTB matrix is not significantly affected by the introduction of a hematite excess during the elaboration process.
The crystal structure, the chemical composition, the dielectric properties of the TTB Matrix, which constitutes the ferroelectric part of these "TTB" composites, are almost unchanged.
Yet the observation of barium ferrite (X-Ray microprobe, XRD) in the BLFN composites indicates that the excess of introduced hematite accommodates some barium, This account for the in-situ formation of the barium ferrite, the magnetic part of the "TTB"
composites. This suggests also that the addition of hematite forces the TTB matrix to release some barium from pentagonal tunnels to allow the formation of the ferrite phase.
The magnetic hysteresis loops observed for lanthanum composites, and particularly the identical coercive fields in all the samples, suggests that barium ferrite composition is not varying in these samples. This is not the case for their europium counterparts, in which the coercive field evolves with respect to the excess of hematite, indicating that the chemical composition of the barium ferrite is also varying. This could be correlated to the fact that the accommodation of europium is limited in the TTB matrix. Thus some europium is available for accommodation in the barium ferrite, inducing these coercive field variations.
But the other interesting feature in the europium composite series is the iron oxide phase observed in BEFN+5 sample. Since the magnetization of this sample appear weaker than expected, it supports the hypothesis that this iron oxide phase is 
